Gallstone formation is a multifactorial disease, caused by the interaction of genetic and enviromental factors. In order to prevent gallbladder stone disease, it is useful to detect modifable risk factors, which contribute to its development. The aim of this study is to analyze the potential relationship between nutrition and the development of gallstone disease, and to establish the possibility for its prevention. The study examined 114 patients; 55 of them suffered from gallstone disease, while 59 were healthy controls who were age-and sex-matched. Diagnosis of gallbladder stone disease was made by ultrasonography. Diet was established using a 24-hour dietary recall method. In the multivariate model, high energy intake (OR=9.720, p<0.001) and overnight fasting period (12 hours and longer) (OR=4.285, p=0.005) were the most important predictors of gallstone disease, after adjustment for Body Mass Index. These factors can be altered in order to prevent gallstone disease.
INTRODUCTION
G allstone disease is one of the most frequent digestive system diseases in developed countries: 10%-20% of adult European and American population are affected by this disease. 1, 2 Its management, including the cholecystectomy, requires extremely large funds; in the United States, it accounts for 6.5 billion dollars of all medical costs per one year, what classifies it in the second most expensive digestive disease, immediately after the gastroesophageal reflux. 3 Progressive increase of cholelithiasis during the 20 th century, when fundamental changes of the way of living took place, suggest the significant impact of lifestyle in pathogenesis of this disease. Nutrition is a key factor of the environment contributing to development of cholelithiasis. Intake of high-calorie food, characteristic for developed countries, is considered a significant factor of etiology of this disease. 4, 5 In addition, type and content of foodstuff in nutrition, as well as regular intake of meals are essential factor that may influence the pathogenesis.
The aim of this study was to assess nutrition of patients with gallbladder stones. In specific, our intent was to investigate if the excessive energy intake, proportion (percentage) of specific macronutrients in nutrition, and regularity of nutrition interfere with the development of this disease.
METHODS
The study included 114 subjects, mean aged 52.42+ 12.84. The experimental group consisted of 55 patients with the diagnosis of Calculosis cholecystae. These pati-ents were treated at the Clinic for Gastroenterology and Hepatology, Clinical Center of Serbia (CCS), Belgrade, in 2007. Out of these, 19 were males, mean aged 54.16+ 13.49 years and 36 females, mean aged 52.33+13.73. The controls consisted of 59 subjects who were examined on out patient basis at the Clinic for Gastroenterology and Hepatology, Clinical Center of Serbia for disorders that were not relevant for the examined biliary system patho-logy or they were healthy volunteers of analogous sex and age. Therefore, the control group included 18 males, mean aged 57.56+13.74 years and 41 females, mean aged 49.44+10.77.
Gallbladder calculosis was diagnosed by ultrasonography. All subjects, after 8-10 hour fasting, were examined in the Ultrasound Diagnostics Unit of the Clinic for Gastroenterology and Hepatology, CCS. 2.5-5 MHz multi frequency probe for Hitachi EUB 6500 was used.
For diet assessment in the studied groups, i.e. the patients and the controls, 24-hour recall method was applied. 6 The value of a total daily energy intake for each subject was calculated by means of energy value charts and con- A total energy expenditure (TEE) was evaluated for every subject using the formula recommended by the Food and Nutrition Board of the American National Academy. 7 In subjects with the Body Mass Index (BMI) = 25 kg/m 2 , body weight maintenance is not in accordance with good health condition; their energy intake cannot be considered a recommendation. For these reasons, recommended energy intake in these persons took into account the desirable body weight corresponding to the upper limit of normal nourishment (BMI=24.99kg/m 2 ). By comparison of a total daily energy intake and the estimated total energy expenditure (TTE), all subjects were classified into two groups: the group where the energy intake was in accordance with the expenditure and the group with excessive energy intake.
The subjects were also categorized by macronutrient intake. Fat intake over 35% of a total energy intake is defined as an excessive. Protein intake is in accordance with the requirements if it is 10%-15% of a total energy intake what is in the line with recommended 0.8 g/kg/day. The intake higher than 15% is considered excessive. The number of meals during the day as well as the period of no food intake was analyzed.
This study used descriptive and analytical statistical methods. Continuous variables were described as mean values + standard deviation (SD), and categorical variables were expressed as numbers and percentages. Among methods of the analytical statistics, the study applied the methods for evaluation of difference significance: ANOVA / MANOVA and X2 test as well as the method for evaluation of association significance: binary logistic regression. P value < 0.05 was considered significant. To si-ngle out the most significant predictors, multivariate bi-nary logistic regression analysis, a backward method, was used. Multivariate binary logistic regression analysis in-cluded variables whose relationship with dependent varia-ble (based on X2 test or univariate logistic regression analysis) was at the level of probability P = 0.10. All data were analyzed using statistical SPSS package, version 15.
RESULTS
The compared groups had similar demographic features, i.e., they were not different by sexual structure, and they were approximately the same age, level of education and marital status.
Nutritional characteristics of studied population
Nutritional evaluation included the analysis of energy intake, intake of macronutrients (fat, proteins, carbohydrates) as their percentage in daily energy intake (%), the analysis of a number of meals during the day and the length of time of no food intake. (Table 1 .)
The energy intake, estimated by 24-hour recall method of survey, was statistically different between the observed groups (F=58.949; p < 0.01), what was illustrated in Table  1 . Higher calorie intake was noted in patients of both genders. In males with gallstones, mean energy intake was 2508.21+264.89 kcal/day, while it was lower by 15.54% in healthy male subjects. Similarly, women with gallbladder calculi had higher energy intake in relation to female controls in whom this intake was lower by 16.18%.
The compared groups also significantly differed by the number of subjects whose energy intake was higher than their expenditure (2=40.540; DF=1; p=0.001). There were even 80% of such individuals among the patients, and 4 times lesser in the control group. An excessive energy intake significantly increases the probability of gallstone disease. Individuals whose intake is higher than energy expenditure have 15.7 times better chance for developing this disease ( Table 2) .
The compared groups differed significantly by percentage of fats in daily energy intake. Fat intake was significantly higher in subjects with the gallbladder stones when compared to the controls (Table 1 ). In addition, in the patient group, significantly larger number of individuals had their fat intake over the recommended 35% (34.5 vs. 10.2%). People whose fat intake exceeds 35% of daily energy intake have 4.7 times better chance to have gallstones ( Table 2 ).
The study showed that the difference in the number of subjects consuming three meals or less a day, among the compared groups, was borderline significant (p=0.054). In the group of gallstones patients, there were almost twice as many subjects, who had three meals or less during the day (34.5 vs. 18.6%).
The difference in proportion of the individuals without food intake for 12 hours or longer, the so-called overnight fasting period, was highly significant among the compared groups. In patient group, 60% had no food intake for 12 hours and longer, while in the controls, the same fasting period was reported in only one-forth of them. Prolonged period of overnight fast increases the probability of cholelithiasis for 4.4 times ( Table 2) .
Nutritional factors, which according to univariate analysis results were associated with the gallbladder calculosis at the probability level of p < 0.1, were included in the multivariate analysis model. Due to well-known influence of obesity on the development of this disease, the model was adjusted for BMI. An excessive energy intake (energy intake higher than energy expenditure) and prolonged overnight fasting (12 hours and longer) were singled out as most significant nutritional factors associated with the gallbladder stone disease (Table 3) .
DISCUSSION
In our study, an excessive energy intake appeared to be the major predicting variable of the gallbladder calculosis. Due to individual variations in energy expenditure, it is not possible to give any general recommendations on adequate energy intake; it is rather suggested to calculate the individual energy expenditure for every person. This method was applied in the presented study. In obese persons, body weight maintenance is not in accordance with good health condition; their energy intake cannot be considered a recommendation. Therefore, for overweight people (BMI = 25 kg/m2), our study calculated the energy expenditure taking into account the desirable weight.
7 A large number of epidemiological studies analyzed the association between the energy intake and gallbladder calculi, but their observations were not uniform. Monitoring the association between the nutrition and cholelithiasis, it is intriguing to mention Japan where the second half of 20 th century brought many changes in dietary habits and lifestyle what was accompanied with the increase of cholelithiasis prevalence. Thus, the frequency of cholelithiasis was duplicated in this period and the types of calculi were changed, from pigmented to cholesterol stones. Recent study in Japan analyzed the prevalence of cholesterol stones in patients having undergone cholecystectomy since 1920, and correlated it with the diet. Among the studied nutritional factors, only a total caloric intake was in strong correlation with the prevalence of cholesterol stones. 8 There are also studies which failed to find the association between the caloric intake and cholelithiasis 9, 10 ; studies which found negative association between the cholelithiasis and energy intake are much rarer. 11 The difference in results may be associated with different stu-dy design, methods used for evaluation of energy intake and Br. 4 Dietary habits as a risk factor of gallstone disease 43 in Serbia diagnosis of cholelithiasis as well as to the fact that obese people prone to cholelithiasis tend to reduce the ca-lorie intake and present it as lesser.
The role of fats in diet as an etiological factor of formation of cholesterol stones remains insufficiently elucidated. The majority of studies, as well as ours, reports that people with cholelithiasis have greater total intake of fats, mostly in the form of saturated fatty acids. 12 Only the Italian multicenter study MICOL found negative correlation. 11 Resent studies have concentrated on the effect of certain fatty acids, particularly polyunsaturated fatty acids, what was not the subject of our study.
Diet regularity may be analyzed through the number of meals during daytime and length of period of no food intake. Many authors recommend a number of meals with a view to prevent cholelithiasis although the results by significance are within limits. It seems that a smaller number of daily meals should be analyzed as a diet with the prolonged periods of no food intake what is confirmed by our study results where the longer period of overnight fasting (12 hours and longer) proved to be the second most significant predictor of cholelithiasis. Justification lies in pathogenesis itself because the bile supersaturation and motility of the gallbladder are considered the crucial factors of lithiasis. A large number of studies, such as Italian multicenter study (MICOL), which included 15.910 males and 13.674 females, and the first NHANES, which examined 4.730 females, also underscored the association of prolonged overnight fast and the cholelithiasis.
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CONCLUSION
Based on study results, the following conclusions may be drawn:
1. Energy intake has significant effect on development of gallstones. Upon analysis of nutritional factors, the energy intake was distinguished as most significant pre-dictor of gallstone disease.
2. Diet regularity, analyzed though a number of meals and length of no food intake period, interferes with the formation of gallbladder stones. Longer fasting period, after the excessive energy intake, sorts out as the most influential factor of calculosis.
3. An excessive fat intake appeared to be the significant factor of gallstone disease.
REZIME
Formiranje kalkulusa u 'u~noj kesici je multifaktorijalno; u njihovom nastajanju prisutna je interakcija genskih faktora i faktora sredine. U cilju smanjenja rizika nastanka 'u~nih kamenaca celishodno je prepoznati parametre koji se mogu modifikovati, a koji doprinose razvoju ove bolesti. Cilj ovog istra'ivanja bio je ispitati mogu}u vezu na~ina ishrane i nastanka kalkuloze 'u~ne kesice i ukazati na eventualnu mogu}nost preventivnog delovanja. Istra'ivanje je obuhvatilo 114 ispitanika, od toga 55 bolesnika sa kalkulozom 'u~ne kesice i 59 u kontolnoj grupi odgovaraju}ih godina i pola. Dijagnoza kalkuloze holeciste je postavljena ultrasonografski. Za procenu ishrane koriš}ena je anketa po se}anju za 24 ~asa. Multivarijantna logisti~ka regresija, nakon prilagodjavanja po Indeksu telesne mase (BMI), je pokazala da su pove}an energetski unos (OŠ=9,720, p<0,001) i produ'eno no}no gladovanje, 12 sati i du'e, (OŠ=4,285, p=0,005) najzna~ajniji prediktori nastanka kalkulusa u 'u~noj kesici. Kako se ovi faktori mogu modifikovati, delovanjem na njih mo'e se posti}i prevencija ove bolesti.
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